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INTRODUCTION 
When judging carrot strains in field trials it is very often noticed that strains having 
a thin stand are strikingly coarse. Not only are the roots larger, as may be expected at 
greater planting distances (2), but their quality makes a bad impression. 
Sometimes it is suggested that the few coarse individuals, which are grown from a 
weak seed sample, may be off-types having survived only because of their possible 
hybrid character and resulting greater vigour. 
There may be something in this suggestion in some cases. The results here reported, 
however, prove that the planting distances themselves can be the cause of delayed 
ripening of the root and consequently, at the normal harvesting time, of bad quality, as 
expressed in shape and carotene content. 
MATERIAL AND METHODS 
Three experiments were made with three plant densities on one strain of Amsterdam 
Forcing (nr. 54277). Dates of planting and harvesting are given in Table 1. 
TABLE 1. DATES OF PLANTING AND HARVESTING OF AMSTERDAM FORCING 
Experiment 
55 A 
55 B 
55 G 
Date of sowing 
Oct. 15, 1954 
Jan. 26, 1955 
July 12, 1955 
Type of culture 
under Dutch lights 
under Dutch lights 
open air 
Successive harvests 
1955; May 12,20, 27; June 6 
1955; June 13, 27; July 6, 13 
1955; Sept. 14, 22, 28; Oct. 6 
The Dutch lights were not heated. October-sown carrots develop very small plants 
before real winter weather sets in. During frosty periods in winter they are covered 
with reed-mats. Development of the fleshy root starts after the winter. January-sown 
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Upper row very narrow planting distances 
Middle row normal planting distances 
Lowest row very wide planting distances 
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F I G . 5. TYPICAL ROOTS FROM THE SECOND A N D FOURTH HARVESTS OF EXPERIMENT 55 B (JANUARY SOWING) 
Upper row very narrow planting distances 
Middle row normal planting distances 
Lowest row very wide planting distances 
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Fio. 4. TYPICAL ROOTS FROM THE THIRD AND FOURTH HARVESTS OF EXPERIMENT 55 A (OCTOBER SOWING) 
Upper row very narrow planting distances 
Middle row normal planting distances 
Lowest row very wide planting distances 
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F I G . 6. T Y P I C A L ROOTS FROM THE SECOND A N D FOURTH HARVESTS OF EXPERIMENT 55 G (JULY SOWING) 
Upper row very narrow planting distances 
Middle row normal planting distances 
Lowest row very wide planting distances 
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INTERACTION OF PLANTING DISTANCES AND TEMPERATURE 
So the rising of the t.c.-content corresponds with the changing of the root shape 
from pointed to stump or rounded. Both phenomena are expressions of the ripening of 
the root. 
As temperature is an important factor in the ripening equilibrium of the carrot (3) 
and the temperature in the three experiments was not the same, it is interesting to see if 
there is any evidence of a connection between the behaviour of the roots in the three 
experiments and temperature. 
The temperature in the frames under the Dutch lights was not recorded. In the 
periods with frost (January, February and March) the frames were kept frost-free as 
much as possible, but as the temperature in the frames was very low, there was very 
little growth. In April as soon as the temperature rose a little, the lights were taken 
away. Therefore the temperatures recorded in the open air are not very different from 
those received by the plants in 55A and 55B while they were actively growing. The 
average daily maximum and minimum temperatures of the months January-October 
1955, measured in the open air at the experimental garden, are given in Table 2. 
TABLE 2. AVERAGE DAILY MAXIMUM AND MINIMUM TEMPERATURES (°C) 
1955 
Max. 
Min. 
Jan. 
2.2 
-2.8 
frosty; 
Febr. 
2.9 
-3.9 
March 
6.3 
-2.3 
fery little growth 
April 
13.4 
3.2 
May 
15.0 
4.8 
no more frost 
but vei y cool 
June 
19.7 
8.8 
July Aug. 
1 
22.6 
12.5 
23.8 
11.5 
Sept. 
19.8 
8.7 
weather favourable for growth 
Oct. 
13.5 
4.5 
cool 
When comparing the data of Table 2 with those of Table 1, it can be seen that in 
experiment 55A the most important growing period of the plants (April and May) was 
cool. 
The first part of the growing period of 55B (April, May) was cool, the second part 
(June, second half of July) had a favourable temperature for growth. 
In 55G the young plants developed from the start (in July) in a favourable tempera-
ture; in September the temperature dropped a little, but was still favourable; not be-
fore October did the weather become really as cool as it was in April and May, but on 
October 6 the experiment ended. 
Now we will consider in turn the behaviour of the carrots in the three experiments at 
the very wide, the normal and very narrow planting distances. 
Very wide planting distances 
As the roots have plenty of room their growth proceeds unchecked. 
If, at the same time, the temperature is relatively low, as in 55A, the equilibrium 
primary growth Z root thickening remains shifted to the left side, and the result is a 
heavy, pointed root with wide shoulders and a low t.c.-content. 
If the first part of the growth period is cold, and in the second part the temperature 
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rises, as in 55B, the wide shoulders developed during the first part cannot vanish of 
course. But, as the tips of the roots now thicken, the shape becomes stump conical. 
T.c.-content rises slowly, but in the end reaches a good level. 
If, however, the temperature is already favourable in the early stages of the growth 
period, so that the equilibrium primary growth Z root thickeningis shifted more or less 
to the right side in an early stage of root development, the situation is quite different. 
The primary growth continues, because there is plenty of room. But at the same time 
root thickening takes place. This we found in 55G. The result was a rather heavy but 
slender root of a cylindrical shape. 
T.c.-content rose quickly and reached about the same level as in 55B, but at a much 
lower root weight. 
Normal planting distances 
The roots become crowded after some time. Consequently their growth is limited. 
This seems to affect primary growth in the first place, for the shoulders do not grow as 
wide as at the very wide spacing. Primary growth slackens after a certain time because 
of lack of room; root thickening may then get the upper hand, even if the equilibrium 
primary growth t root thickening lies shifted to the left side and root thickening is 
slow. 
Consequently temperature differences do not have as much influence as at the very 
wide spacings. The same tendency as with the very wide spacings can be recognized in 
figures 1,2, 3,4, 5,6, but it was much less pronounced. 
Very narrow planting distances 
The roots become crowded very soon. Primary growth slows down while the roots 
are still small. Root thickening takes the upper hand at a very early stage, however 
slow it may be, and the t.c.-content increases. In all three experiments the result is a 
very small ripe carrot root, but the influence of temperature is still evident. In 55G the 
roots are relatively thicker and shorter than in 55B, although in both cases they are 
predominantly cylindrical. In 55A where temperature was lowest, more roots became 
stump conical than in 55B and 55G. 
SUMMARY 
1. The influence of three planting distances (5 cm x very close, 13 X 1,5 cm, and 20 x 
10 cm) on the total carotenoid content and the root shape of one strain of the carrot 
variety Amsterdam Forcing has been studied. In three successive field trials the 
carrots were sown in October, January and July respectively. 
2. The rising of the total carotenoid content corresponded with the changing of the 
root from pointed to stump shaped. Both phenomena are expressions of ripening 
of the root. 
3. The relation between total carotenoid content and dry root weight was different at 
the three planting distances. 
The greater the planting distances, the longer the primary type of growth of the 
roots continued and the later the roots ripened. At greater planting distances the 
roots grew larger, more wide-shouldered and pointed, and the total carotenoid 
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content increased more slowly; consequently, at a same dry root weight the total 
ca rotenoid content was lower at a greater planting distance. If there was time for the 
roots to reach complete ripeness the final content was certainly not lower, possible 
even higher, than at the closer spacings. 
4. In the successive field trials the temperatures were different. There was a distinct 
interaction between temperature and planting distances in their influence on the 
growth and ripening of the roots. 
SAMENVATTING 
Selectie van wortels op caroteen gehalte. 
III. Plantafstanden en rijpingsevenwicht van de wortels 
1. De invloed van drie plantafstanden (5 cm x zeer dicht, 13 x 1.5 cm, en 20 x 10 
cm) op het totaal carotenoid gehalte en de wortelvorm van één selectie van Amster-
damse Bak is nagegaan. In drie opeenvolgende veldproeven werd gezaaid respec-
tievelijk in October, januari en juli. 
2. De toename van het totaal carotenoid gehalte correspondeert met de vormver-
andering van de wortel van spits naar stomp. Beide zijn de uitdrukking van het 
rijpen van de wortel. 
3. Het verband tussen totaal carotenoid gehalte en droog wortelgewicht was bij de 
drie plantafstanden verschillend. Hoe groter de plantafstanden waren, des te langer 
het primaire type van groei van de wortels doorging en hoe later zij rijpten. Bij een 
grotere plantafstand werden de wortels groter, breder van schouders en spitser, 
terwijl het totaal carotenoid gehalte langzamer toenam. Bij eenzelfde droog wortel-
gewicht was het totaal carotenoid gehalte bij een grotere plantafstand derhalve 
lager dan bij een kleinere. Maar als de wortels de tijd werd gelaten om geheel rijp te 
worden, was het uiteindelijk bereikte totaal carotenoid gehalte bij de grotere plant-
afstanden niet lager, misschien zelfs hoger dan bij de kleinere. 
4. In de opeenvolgende proeven waren de temperaturen verschillend. Er was een dui-
delijke interactie tussen temperatuur en plantafstand in hun invloed op de groei en 
de rijping van de wortels. 
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